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R723NT-3 specifically in motor neurons
showed abnormalities of central
projections, consistent with a role
for centrally derived NT-3 in shaping
the projection [9].
The discovery of an important role
of SAD kinases in mediating axon
branching, the demonstration of a
specific link between SAD-A/B and
NT-3/TrkC signaling, and the
identification of novel and intricate
mechanisms underlying SAD
activation represent a major advance
in understanding how neurons
generate morphological responses
to extracellular cues. In another
major advance, Courchet et al. [14]
recently demonstrated that terminal
arborization of callosally projecting
cortical neurons involves LKB1
signaling mainly through the kinase
NUAK1, but not SAD-A/B. NUAK1
is required for mitochondria
immobilization, which is essential
for distal axonal branch formation. In
contrast, sensory axon arborization
requires SAD-A/B and sensory
axon development is apparently
independent of LKB1 at earlier
developmental stages [7]. It is probably
not surprising that varying neuronal
classes responding to distinct
upstream cues and with very different
molecular characteristics of target
fields would employ specific molecular
mechanisms to mediate target field
branching. As molecular mechanisms
that underlie additional examples of
target field arborization are uncovered,
presumably a set of general principles
will emerge.
Finally, where are things headed
in the future for SAD kinases?
Interestingly, the prototype SAD was
discovered as a mediator of synapticvesicle clustering in C. elegans [6].
Further, work in mammals has already
demonstrated that at least one SAD
kinase isoform, SAD-B, is localized
to presynaptic terminals, where it
associates with synaptic vesicles and
regulates neurotransmitter release [15].
It is important to emphasize that during
and after axon arborization in target
fields, synaptic vesicle clustering in
distal axons and synapse formation are
the next steps in axonal development.
In a sort of ‘preview of coming
attractions’, Lilley et al. [7] state that
they have found in unpublished
work that SAD-A/B deletions affect
maturation of synapses in many
classes of neurons. Thus, we can
look forward to an elegant dissection
of the regulation and functions of
SAD-A/B in synapse formation along
the lines we have seen in the work
described here.
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Swap Meet for Adaptive TraitsNew research suggests that secondary bacterial symbionts in insects act
as a mechanism for horizontal genetic exchange among hosts, facilitating
adaptation to new ecological niches.Jennifer A. White
Evolutionarily speaking, bacteria have
got it good. They not only have accessto the evolutionary innovations of their
own lineage, but also to those of
distantly related taxa, through the
action of lateral gene transfer (LGT) [1].One particularly effective mechanism
for LGT among bacteria is the
conjugative plasmid. Plasmids are
transmitted vertically along with
chromosomal DNA during bacterial
fission, but also can induce conjugation
and move horizontally into unrelated
bacterial lineages [2]. These plasmids
often have suites of accessory genes
that can be advantageous to their new
host bacterium, enabling an abrupt
jump in the physiological and/or
ecological capabilities of the recipient
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Figure 1. Three potential routes for horizon-
tal transfer of secondary symbionts among
hosts.
Transmission through a shared host plant
has been documented for the symbiont
Rickettsia among whiteflies [18]. Sexual
transmission of the symbionts Hamiltonella
defensa and Regiella insecticola has been
documented in the pea aphid [19]. Trans-
mission via a shared natural enemy, a
parasitoid wasp, has been documented for
the symbionts H. defensa and R. insecticola
in the aphid Aphis fabae [20]. Note that
all of these transmission examples are
intraspecific, but two of the three routes are
potentially valid for interspecific transfer
among host species.
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antibiotic resistance among various
strains of pathogenic bacteria stands
as a frightening testament to the
efficacy of plasmids at transmitting
ecologically relevant traits across
taxonomic boundaries [3].
A new study by Henry et al. [4]
reported in this issue ofCurrent Biology
illustrates that eukaryotes can
participate in similar genetic exchange
communities, acquiring adaptive traits
that facilitate colonization of new
ecological niches. In this case, insects
(aphids) are the hosts, and bacteria
themselves are the currency of genetic
exchange. Secondary (also known as
facultative) bacterial symbionts are
common in insects, and their
relationships to their hosts can bear
striking similarities to plasmids within
bacteria [5]. Heritable secondary
symbionts reside in their host’s
cytoplasm, and are transmitted
vertically from mother to offspring
with high (but not perfect) fidelity [6].
They also often encode traits that arebeneficial to their host, such as
protection from pathogens or
environmental stresses [5–8]. Finally,
secondary symbionts are known to
be transmitted horizontally across
host lineages [9], at some unknown
frequency. In recent years, a number
of mechanisms for horizontal transfer
of secondary symbionts have been
documented (Figure 1), but the
frequency and relative importance
of these transmission routes are not
yet understood.
As a species, the pea aphid is
composed of multiple ‘host races’ that
are specialized on different host plants
[10]. Many of these host races are
also characteristically infected with
different secondary symbionts [11].
What has remained unclear is whether
the symbionts have actually played a
role in aphid host race formation.
Experimental studies that have
manipulated symbiont infection have
not demonstrated consistent effects:
some studies have shown that
secondary symbionts improve aphid
performance on specific host plants
[12,13], whereas other studies have not
[14,15]. The current understanding is
that the relationship between symbiont
infection and host plant use may
depend on pea aphid genotype,
symbiont genotype, plant genotype,
environmental conditions, or all of the
above. In other words, it’s complicated.
Henry et al. [4] have taken a more
evolutionary approach toward
understanding this issue. The authors
generated a massive dataset in
which they characterized the genetic
haplotypes of over a thousand pea
aphids and the various secondary
symbionts with which they are infected.
This provided unprecedented
resolution to explore the correlations
between aphid and symbiont
genotypes. The authors were able to
show that multiple distinct aphid
lineages that specialize on the same
host plant have independently
acquired similar symbionts. By itself,
these data illustrate a repeated pattern
of association, but don’t resolve
causality. Does acquisition of a
symbiont facilitate a switch in host
plant, or does switching host plants
facilitate acquisition of a symbiont?
It is the aphidological equivalent of
‘‘which came first, the chicken or the
egg?’’ But here’s where Henry et al.
got very clever. They used intense
phylogenetic analyses and Bayesian
modeling techniques to infer theevolutionary sequence of events.
Their data support the primacy of the
symbiont in at least two instances:
aphid lineages that became infected
with particular symbiont strains were
thereafter more likely to become
associated with particular host plants.
The mechanistic bases for these
associations remain to be worked out,
but it is clear that symbiont acquisition
changed the ecological specifications
of the aphid. The major implication
of this study, therefore, is that
plasmid-carrying bacteria aren’t the
only ones that can make large adaptive
leaps due to LGT. Eukaryotes can do
it too, thanks to horizontal transfer of
symbiotic bacteria.
It then becomes fascinating to
consider the potential scope of genetic
exchange among eukaryotes that is
brokered by secondary symbionts.
On the one hand, there are clearly some
limitations to exchange pathways.
For example, the known mechanisms
for horizontal symbiont transfer
(Figure 1) are more likely to occur
within the physical proximity of shared
ecological communities, such as a
shared food resource [16]. It therefore
seems improbable that aphids that
feed on different host plants would
have much opportunity for symbiont
exchange, particularly if the symbionts
themselves are reinforcing differential
host plant use. However, it is also
important to recognize that host plant
specialization in pea aphid is not
absolute, and that certain host plants
(e.g., fava bean, Vicia faba) aremutually
acceptable to most pea aphid lineages
[10]. Consequently, the ecological
niches represented by these
permissive host plants may represent
hotspots for horizontal transmission
of bacteria.
More generally, pea aphids do not
represent a closed set of hosts from
the perspective of the symbionts.
Phylogenetic studies have shown that
secondary symbionts have transferred
interspecifically over evolutionary
history [9], although transmission
between closely related host species
seems to be more frequent than
between distantly related host species
[8,17]. The research of Henry et al.
is entirely intraspecific, but their data
also support potential interspecific
movement of symbionts [4]. Using
synonymous substitution rates within
the DNA sequences of the symbiotic
bacterial strains, they estimate that the
time of divergence among bacterial
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R725strains substantially preceded the
radiation of pea aphid host races onto
their various plants. This pattern
implies that much of the symbionts’
evolutionary history has taken place
outside of pea aphid in other insect
hosts. Pea aphid has likely acquired
multiple strains of the symbionts from
different interspecific sources. In the
future, it may prove exciting to extend
this work to other insect species within
pea aphid’s various ecological
communities. In so doing, wewill gain a
much fuller picture of the interspecific
genetic exchange network among
eukaryotes, as facilitated by secondary
bacterial symbionts.References
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Given New LifeA new study combining behavioral and physiological approaches has given
new life to the old idea that the hippocampus is critically involved in
familiarity-based recognition memory.Robert E. Clark
The term ‘declarative memory’ refers
to our capacity to consciously
remember facts and events. This is
the type of memory that one ordinarily
refers to when colloquially using the
word ‘memory’. For example,
declarative memory is required for
rememberingwhatyouhad forbreakfast
thismorning, aswell as for remembering
what the word ‘breakfast’ means. One
of the most widely studied examples
of declarative memory is recognition
memory. Recognition memory is the
capacity to judge that an item has been
previously encountered. This type of
memory is thought to consist of two
components: recollection andfamiliarity. Recollection involves
remembering specific contextual details
about a prior learning episode;
familiarity involves simply knowing that
an item has been presented previously
without having available additional
information about the learning episode.
The neuroanatomy underlying these
components of recognitionmemory has
been an active topic of debate for more
than a decade. One prominent view
holds that recollection depends on
the hippocampus, whereas familiarity
depends on the adjacent perirhinal
cortex [1]. Another view holds that
the hippocampus and perirhinal
cortex are involved in both familiarity
and recollection [2]. A clear prediction
of the first view is that memory tasksrequiring only familiarity-based
judgments should be spared after
selective hippocampal damage
and impaired after damage to the
perirhinal cortex. Indeed, a substantial
literature involving lesions, single-unit
recordings and neuroimaging is
consistent with this view [3].
A compelling component of this
literature is the numerous studies
reporting spared familiarity-based
recognition memory in animals with
selective hippocampal damage or
disruption [4]. In this issue of Current
Biology, Cohen et al. [5] challenge this
perspective by reporting in a series
of eleven experiments that reversible
disruption of the mouse hippocampus
during memory encoding, retention
or retrieval profoundly impairs
performance on the novel object
recognition task — a task that
can be accomplished using only
familiarity-based recognition memory.
These findings were obtained even
when potential spatial confounds were
eliminated. Further, the authors found
that extracellular glutamate efflux in the
